Introduction: Although epidemiological studies have reported an association between smoking and increases in tuberculosis the
INTRODUCTION
Tuberculosis is an epidemic airborne disease caused by Mycobacterium tuberculosis, which infects one third of the world's population (1) . In 2008, tuberculosis incidence is 30 per 100.000 people, in Turkey and a total of 16.551 tuberculosis patients are detected by the dispensaries in 2010 (1) . Tuberculosis incidence is decreasing over the time in Turkey by the effective treatment strategies. However it is still an important public health problem for our country.
Recent studies have demonstrated that increased respiratory health is strongly associated with clean environmental air (2) . We spend most of our time indoors, so breathing healthy air where we live is critical. Based on the National Household Study conducted in 2003, smoking prevalence in adults is %32.1 (3) . Smoking prevalence is much more in males and it is remarkable that many smokers are smoking mostly in their homes (4) . There are many evidences that there is a strong association between indoor air quality, smoking and tuberculosis (5) (6) (7) (8) (9) (10) . However, the association between smoking, indoor air pollution and tuberculosis is not yet fully understood. In 2010, World Health Organisation (WHO) has proposed that greater emphasis be given to primary preventive activities addressing risk factors of tuberculosis (11) .
However, indoor air quality standards have not yet received sufficient attention in terms of tuberculosis care standards. In Turkey, people with low socioeconomic status, live in a crowded, small, and inadequate ventilated homes, particularly in large cities and the objective of this study is to investigate the effect of smoking and indoor air pollution on the risk of active tuberculosis in Istanbul.
MATERIALS and METHODS

Cases-Controls
This matched case control study was conducted in Istanbul. Cases were 362 new tuberculosis patients receiving their treatments in Yedikule Centre for Chest Diseases and Thoracic Surgery and Sureyyapasa Centre for Chest Diseases and Thoracic Surgery. Cases were defined as men aged between 15-70 years who were sputum smear and/or culture positive for pulmonary tuberculosis. Men aged 15-70 years who were screened and declared not to have tuberculosis formed the control group. Since the prevalence of tobacco smoking among women in Turkey is low 18%, women were not included in this study (3) . The patients having diabetes, HIV infection, chronic kidney failure, and receiving any immunosuppressive drugs were also excluded. Age matched 408 healthy controls were selected from subjects who applied to dispensaries and screened by chest symptoms and chest radiograph for health report.
Exposure to Tobacco and Indoor Air Pollution
After informed consent was obtained, an experienced pulmonologist administered a questionnaire containing demographic information, smoking habits, quantity and duration of smoking, number of room/person in the house, monthly income of the family, indoor heating system, and environmental tobacco smoke. All participants were interviewed face to face by using this questionnaire. Smoking status classified as current smoker (current smoker is someone who has smoked greater than 100 cigarettes in lifetime and now smokes every day or some days), never-smoker (never smoker is someone who currently does not smoke any cigarettes and has not smoked greater than 100 cigarettes in lifetime), ex-smoker (ex-smoker is someone who used to smoke cigarettes regularly and not smoking at least a year) and passive smoker (passive smoker is someone who has not smoked and exposed to environmental tobacco smoke in the home) (12) . Also an adopted questionnaire was used to define environmental tobacco smoke in details (13) . Indoor air pollution exposure was defined as use of solid fuel such as coal, and wood for indoor heating. The study was approved by local ethic committee.
Statistical Analysis
The null hypothesis is that exposure to indoor air pollution and tobacco smoking is not associated with tuberculosis. The smoking habit and exposure to indoor air pollution as defined above are the main risk factors. The association between tuberculosis and potential risk factors was investigated. Chi-square and Student's t-test were used for categorical and continuous variables, respectively. An independent association between tuberculosis and smoking and indoor air pollution was assessed using a multiple logistic regression model. Factors which were significantly associated with tuberculosis in the univariate analysis were selected as variables for the logistic regression model. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to indicate the model findings. Statistical significance was defined for p values less than 0.05. SPSS Microsoft Windows Release 10.0 was used for statistical analysis.
RESULTS
The mean age of the cases and controls were 37.38 ± 14.01 and 36.32 ± 10.25 years, respectively. Demographic details of the cases and controls are given in Table 1 . Among the 362 cases, 74.7% (n= 270) were current smokers. 293 (89.3%) patients f were smokers (current + ex-smoker). The age onset of smoking was < 16 years of age in 60% of the cases. Among the tuberculosis cases 55.3% (n= 200) were heavy smokers (≥ 20 packet/year), and 55% of the non-smokers are exposed to environmental tobacco smoke.
Among the control group, 55% (n= 225) were current smoker. 255 (62%) patients were smokers in control f group. The age onset of smoking was < 16 years of age in 41% of the controls. Among the tuberculosis cases 23.5% (n= 96) were heavy smokers (≥ 20 packet/year), and 44% of non-smoker are exposed to environmental tobacco smoke.
The proportion of cases using coal or wood for heating in their home was 71.9% (n= 260). Among the controls, 232 subjects (57%) were using coal and f wood for heating. Among cases, there was a mean of There was a significant correlation between heavy smoking (≥ 20 packet/year, p< 0.0001) and age onset of smoking (< 16 years of age, p< 0.041). There was no significant association between environmental tobacco smoke and tuberculosis. 
DISCUSSION
In the present study, we have demonstrated that smoking and indoor air pollution increases the risk of tuberculosis. The odds ratio for smoking and indoor air pollution exposure obtained from the study is statistically significant. These findings suggest that there is a strong correlation between the indoor air pollutants such a tobacco and/or the other smokes from the heating systems and tuberculosis risk.
Epidemiological evidences are stronger to show this relationship between indoor air quality and tuberculosis. Klopppan C, et al. examined the estimated crude odds ratio of the association between tobacco smoking and tuberculosis was 2.48 (14) . In the Gambhir HS, et al. study patients who smoke had a three fold higher odds of having tuberculosis compared with patients who do not smoke. Also they showed that the odds ratio for sputum positivity for acid fast bacilli among smokers was 4.6 times higher than non-smokers (10). In our study, the odds ratio of the association between tuberculosis and smoking was nearly five. We find higher odds from the other studies. It could be due to exposure of high amounts of tobacco smoke in our population. We used males and the smoking prevalence was 74.6%. Heavy smoking rate and early onset of smoking rate were also higher in our population.
Studies also investigated that exposure to solid fuels for heating or cooking was associated with tuberculosis. Gupta, et al. reported that those who used wood for cooking stoves were 2.5 times more likely to have tuberculosis (15). Mishra, et al. reported that cooking using biomass fuels is significantly associated with tuberculosis (adjusted OR 2.58, 95% CI 1.98-3.37) (16). Wang J, et al. also demonstrated that using solid fuel for cooking (OR 1.08, 95% CI 0.62-1.87) or heating (OR 1.04, 95% CI 0.54-2.02) was significantly associated with tuberculosis. Similarly, we found the same results that patients using coal or wood for indoor heating had a 1.6 fold (95% CI: 1.179-2.305, p< 0.003) higher odds having tuberculosis. In this study, we used male population so we did not examine the effect of using stoves for cooking in women. There could be different results for women which is the limitation of our study.
Epidemiological studies suggest a relationship between tuberculosis and indoor air pollution. However, the underlying mechanisms are not clear. Smoke particle size, form and surface chemistry are all related with the airway inflammation. A limited number of studies have suggested that tumour necrosis factor-alfa (TNF-α), interleukin-6 (IL-6) and IL-8 cytokines, nuclear factor-κB (NF-κB) activation and cellular lipid peroxidation are effective at the proinflammatory state and oxidative damage of the lungs (8) . Further experimental studies are needed to clarify the pat hogenesis of tuberculosis on the patients exposed to air pollutants or tobacco smoke.
It is clear that tuberculosis is more prevalent among poor people. Socioeconomic status is an important risk factor for pulmonary tuberculosis mainly in people with a low income using stoves for heating. In this study we have used a monthly income for socioeconomic status. We examined that people who have less income (< 200 Euro/month) had 3.2 fold (95% CI: 2.113-5.106, p< 0.0001) higher odds of having tuberculosis compared with people having high income. Tobacco smoking had the highest risk in this study. Socioeconomic status had an association with tuberculosis, which was higher than the risk associated with using stoves for heating. There is a complex interaction between smoking, socioeconomic conditions, indoor air quality and tuberculosis.
In the conclusion, tuberculosis is a common health problem for our country. Smoking rates are decreasing in the public places by the smoke free laws. However many people are still continue to smoke in their homes. Not only smoking, using stoves for heating or cooking also increasing the level of smokes indoors. We all know that many people spend most of their times indoors. Therefore smoking cessation and to encourage indoor air quality standards could become a part of controlling strategy of tuberculosis epidemic in developing countries.
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